Human behavior can prevent or invite disease and is a major determinant of treatment success. Consequently, many efforts have been directed toward developing interventions to promote behaviors essential to managing or preventing respiratory disease. The process of developing, testing, and disseminating health behavior interventions should closely follow the translational research paradigm. However, most behavioral investigators have failed to adequately apply the translational research paradigm to behavioral research. The final stage of translation, consisting of testing the effectiveness of interventions in broad clinical settings after efficacy has been demonstrated in randomized controlled trials, is too often omitted. Additionally, the important task of understanding why any given health behavior intervention succeeds with some people but fails to change behavior in others is inconsistently pursued and seldom used to develop the robust theories of behavior change needed to improve respiratory health. Bringing health behavior research through the full translational process has the potential to significantly enhance respiratory health with specific behavioral targets, including smoking cessation, obesity prevention, TB control, and adherence to a multitude of respiratory treatments.
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Human behavior can prevent or invite disease and is a major determinant of the success of any planned treatment. Indeed, 40% of premature deaths in the United States are caused by human behaviors, including smoking, obesity, and alcohol use, with smoking accounting for the most premature deaths, killing 435,000 people in the United States each year. [1] An additional 2.3 million Americans were living with smokinginduced respiratory or cardiovascular disease in 2006. [2] Other behaviors that contribute to poorly controlled respiratory disease include an unwillingness to seek medical attention when symptoms are present, poor adherence to treatment, poor diet, and physical inactivity.
Debate over health-care reform has increased awareness of the importance of changing behavior to improve population health and reduce health-care costs. [3] The need for behavioral interventions that can improve health and illness self-management is now well recognized and has produced many research initiatives. Translational research aims to facilitate more effective dissemination and uptake of scientific advances so that evidence-based strategies for prevention and treatment reach patients in all care settings. [4] Use of the translational research model to guide behavioral health research has been at best inconsistent. We believe that health behavior research can follow the translational research model and contribute significantly to accomplishing the national objectives of translational research (http://nihroadmap.nih.gov
). This article discusses the five steps that can guide behavioral translational research to promote respiratory health (Fig 1) .
Figure 1
Translational sequence for health behavior research.
Conduct Observational Studies of Health Behavior
The essential first step in behavioral health research is to document which behaviors are exhibited, by whom, when, and under what conditions. Using smoking behavior as an example, attempts to help people stop smoking began more than one-half a century ago. 
Develop Models of Health Behavior
Once observational studies have documented the frequencies and predictors of specified health behaviors, this information is used to build models, or theories, that explain the development of either detrimental or helpful health-related behaviors. Such models translate theory to the bedside by allowing behavioral scientists to develop and test theory-driven interventions that change people's health behavior. Health behavior research activities often are directed at testing and refining clinically useful strategies for behavior change by addressing the key factors from the model that determine health behavior. For example, if a model asserts that the patient's perception of imbalance between perceived treatment cost and benefit is a key factor underlying treatment nonadherence, then the intervention must address these perceptions. The model may be tested with an intervention that seeks to influence the patient's perception, and based on the outcomes, the investigators may gather evidence that leads to a refinement of the model and the intervention. One of the earliest, longest-standing, and most used theories of health behavior has been the Health Beliefs Model. [6] The theory attempted to explain and predict specific health-related behaviors based on patterns of beliefs about the behavior and its relationship to health conditions. Based on testing of the Health Beliefs Model through many studies, the core thesis of the model-the probability that a person will change his or her behavior depends on perception of health risk and the potential for benefit from an action-was refined to include other key elements. The Health Beliefs Model has evolved and encouraged related theories of health behavior change, including social-cognitive theory, [7] theory of reasoned action, [8] and theory of planned behavior [9] ; all have been used to plan health behavior interventions.
Test Laboratory-Based Interventions to Change Behavior in Randomized Controlled Trials
Interventions developed from behavior change models must first demonstrate efficacy in randomized controlled trials (RCTs). Results from RCT studies then can be used to refine the models and the interventions they foster. Behavioral RCTs for smoking began to appear > 40 years ago, number over 6,000, [10] and have included attempts to reduce smoking with strategies that included use of reward contingencies, [11] group therapy, [12] desensitization, [13] partner support, [14] physician-delivered advice, [15] and telephonebased counseling. [16] Despite a strong base of RCT validation, most smokers will not receive one of these empirically supported interventions.
Behavioral RCTs have advantages and disadvantages. In general, RCTs often sacrifice external validity for internal validity. Well-controlled and standardized studies of patients recruited and consented for participation in research allow for assertions of causality with high levels of confidence (high internal validity). At the same time, the artificial nature of laboratory studies casts doubt on the generalizability of the findings to broad clinical settings (low external validity). Many patients, particularly those with comorbidities and relatively common confounding problems such as depression, are excluded from these trials. Patients willing to participate in research studies, and who are paid to do so, may not respond in the same manner to an intervention as others who receive the intervention in the course of routine clinical care.
Identify and Leverage the Moderators of Response to Behavioral Interventions
No behavioral intervention is effective with all participants, and many result in sustained change in only a minority. Among the 17 million adults who attempted to stop smoking in 1991, only about 7% were still abstinent 1 year later. [17] The most recent guidelines for treating tobacco use and dependence, published by the Agency for Healthcare Research and Quality, reported a meta-analysis that included > 6,000 published RCTs of smoking cessation interventions. [10] Composite evidence indicated that ORs of abstinence rates of at least 5 months were 1.2 for self-help, telephone counseling, and group counseling and 1.3 for individual counseling. [10] Thus, approximately 30% of people who received an individually delivered behavioral intervention successfully quit smoking.
The expectation that any intervention will change behavior in all individuals is unrealistic, but understanding the moderating variables that influence treatment effects can assist in modifying the intervention to make it more effective for more people or to identify the targets for any given intervention. Moderating variables help to define the specific conditions under which the interventions demonstrate their greatest or poorest efficacy.
[18] Although broad interventions often target "low hanging fruit," that is, the subset people who are ready to change and respond positively, the potential for greater penetration and impact is lost without further tailoring. To achieve this tailoring, ongoing work must examine treatment moderators. [18] Hence, a smoking cessation intervention designed specifically for adolescents may be more effective for an adolescent smoker than one designed for older adults. Investigators often choose to control for these baseline factors to increase internal validity. [19] Alternatively, such variables may be used to tailor the intervention to various subgroups. For example, a smoking cessation intervention may be more effective if it includes attempts to encourage social support of the smoker attempting to quit. Recognizing that smokers with insufficient support from friends and family are less successful, one RCT intervention demonstrated that pregnant smokers who received an intervention that included the participation of a friend were significantly more likely to quit than those who received the intervention without friend participation. [20] Intervention moderators should not be confused with predictors of behavior. Many adherence studies have examined variables that correlate with adherence, but few have assessed the variables that predict change in adherence in response to an intervention. It is known, for example, that patients who are adolescents, [21] elderly, [22] low income, [23] distrustful of medical professionals, or psychologically distressed [24] or who have low health literacy [25] or disease knowledge [26] are less likely to adhere to a long-term medication regimen. These correlations can provide hypotheses about which variables to study as potential treatment effect moderators. However, they do not invariably predict intervention response or direct which type of intervention is best matched with subgroups of patients. Assessment of the moderators of adherence can be accomplished in RCTs and may include participant demographic characteristics as well as other psychologic variables, such as personal beliefs and attitudes toward risk. Results from such investigations have revealed, for example, that particular smoking cessation interventions have differential impacts on tobacco abstinence based on age, [27] education level, [28] gender, [29] acculturation, [30] or psychologic distress. [31] The identification of moderators that affect the success of the intervention and, consequently, can be used to guide further tailoring of the intervention is at best infrequent in behavioral RCTs. Although using these treatment modifiers to improve treatment effectiveness is an important step forward, further tailoring alone does not ensure that the intervention will translate well into diverse clinical settings. Both steps-treatment tailoring and implementation in diverse practice settings-are necessary if significant health behavior change in large numbers of people is to be accomplished.
Assess the Intervention in Diverse Clinical Practice Settings
An intervention that appears effective in an RCT may not translate into effectiveness under real-world conditions. Health behavior researchers too often accept a diffusion model, which relies on absorption and implementation of intervention techniques by health behavior specialists with the knowledge and time to successfully move the strategy through the last translational transition from clinical trials to practice implementation. [32] In fact, most behavior change interventions that are tested in RCTs will never be adopted into health-care settings. Four barriers underlie this failure. First, although some health-care settings may include health behavior specialists, most do not, leaving the task of motivating patients to change their behavior to busy physicians, nurses, and physician assistants. Second, many behavioral interventions are time, labor, and cost intensive and therefore are unfeasible within most health-care systems. Third, RCTs often are only modestly effective, and moderators/mediators rarely are identified, leaving clinicians and researchers feeling less confident in their applicability to the clinical setting. Fourth, RCTs typically exclude patients who have comorbid medical or psychologic disorders or who do not demonstrate high levels of adherence during a run-in period, thereby failing to test the intervention on a complex combination of patients who comprise the patient population in many clinical settings.
Although testing behavioral health interventions in clinical practice requires moving beyond traditional RCTs, it is still possible to use a controlled, randomized study design in what is now labeled a practical or pragmatic clinical trial (PCT). [33] The identifying characteristics of PCTs are (1) comparison of clinically relevant interventions, (2) inclusion of a variety of participants recruited from diverse practice settings, and (3) use of a broad range of health outcomes, including patient quality of life. PCTs often test interventions within a population of patients who receive the intervention in their own clinical care setting. Thus, the traditional RCT approach of recruiting patients, excluding those who do not qualify, and engaging in study procedures that do not reflect routine care is altered. Further, the consent process is adapted such that the consent often is obtained in an abbreviated manner that does not require the participant to make an extra visit to meet in a formal interaction that suggests that what is about to happen is special and differs from their usual clinical care.
As an example, one PCT tested a smoking-cessation intervention in a large health maintenance organization. The subject pool included 2,234 smokers who were about to undergo gastrointestinal outpatient surgery, as identified from the electronic medical record system, and were sent a letter describing the study from the chief of preventive medicine. The letter was accompanied by an opt-out postcard that respondents could return to decline participation. Those who did not return the postcard received a telephone call wherein the researchers described the study procedures and obtained verbal consent. Eligible participants were subsequently randomized to an intervention or usual care program. The intervention group received four counseling telephone calls and five newsletters, including one tailored to specific patient groups on the basis of gender, smoking rate, and responses to a self-efficacy questionnaire. [34] The study was a theory-anchored intervention that was based on data from previous RCTs and studies of key mediators, included a diverse patient population in a large clinical setting, and constituted a system intervention that did not require additional time from clinic health-care providers.
Additionally, recent emphasis on comparative effectiveness research (CER) has emerged from the recognition that evidence of the relative benefits and harms of available treatments often is inadequate to fully inform health-care decisions. [35] Further, the relative effectiveness of treatments may vary among subgroups of patients, many of whom were not included in traditional efficacy trials. CER studies frequently are designed to include end points important to patients, such as quality of life. CER and PCT studies introduce more variability, or "noise," into the equation and therefore typically require larger sample sizes. Institutional review boards often are required to consider more flexible approaches to consent when large groups of patients may be randomized under circumstances where study risk is estimated to be very low and consent is obtained by sending a letter to potential participants who are given the opportunity to opt out of the program. The potential benefits of such research are a better understanding of the heterogeneity of treatment effects and how best to deliver care in real-world settings. [36] Recognizing the importance of this potential, the American Recovery Reinvestment Act of 2009 provided $1.1 billion in funding to support CER, and in 2010, the Patient Protection and Affordable Care Act included funding guidance for increased CER research.
Other important initiatives have addressed time constraints that limit the capacity of health-care providers to deliver health behavior change interventions. These efforts include the growth of practice-based research networks in primary care [37] and the ongoing expansion of continuous quality improvement in health-care settings. [38] Conclusions
The successful application of the translational model to health behavior research offers a promise that has not yet been delivered. Key behaviors targeted for change include increased physical activity and treatment adherence, improved dietary intake, and smoking cessation. Despite the emergence of some interventions that can change these behaviors, health behavior research has not succeeded in creating interventions that are cost-effective and easily translated into diverse health-care settings or that can be delivered by a variety of health-care professionals. To achieve a much broader impact, two key approaches must be adopted. Identification of health behavior intervention moderators will shed light on how to refine and tailor theories and interventions to affect the largest possible number of patients. Second, the capacity of the intervention to be broadly and cost-effectively adopted in diverse health-care settings must be established. With these steps, health behavior research can proceed through the full translational research process and deliver its potential to significantly enhance respiratory health.
